1. Introduction
===============

Pure red blood cell aplasia (PRCA) is characterized by purely normocytic, normochromic anemia, a very low level of reticulocytes, and a marked reduction or absence of an erythroid precursor in the bone marrow. PRCA is divided into two subtypes according to its causes: congenital PRCA and acquired PRCA. Acquired PRCA may be primary or secondary to some autoimmune/collagen vascular disorders, inflammatory bowel disease, infections, leukemia, thymoma, drugs, or toxins.^\[[@R1]--[@R3]\]^ Ankylosing spondylitis (AS) is one autoimmune disorder with an insidiously progressive and debilitating form of arthritis involving the axial skeleton. However, there is no data about whether AS can complicate with PRCA. Herein, we first report a case of acquired PRCA in one AS patient.

2. Case report
==============

A 42-year-old male was diagnosed with AS after 15-years with lumbosacral pain followed by limited spinal activity and femoral head necrosis that required bilateral hip replacement surgery in 2003 (Fig. [1](#F1){ref-type="fig"}A). To alleviate his progressive arthritis symptoms, he had taken non-steroidal anti-inflammatory drugs (NSAIDs) for 21 years, including sulfasalazine (detailed dosage was unknown) and tripterygium wilfordii tablets (48 μg/day) for 7 years. In June 2016, he changed regimens and began to take a compound of traditional Chinese medicine containing tripterygium wilfordii (approximately 5 g/day) and leflunomide (20 mg/day). During that year, he felt fatigued and experienced gradual palpitations as well as a transient loss of consciousness with severe anemia (hemoglobin 3.5 g/dL) in July 2017. He stopped all anti-ankylosing spondylitis drugs for 2 months but without improvement in his anemia. As a result, he became dependent on transfusions to maintain his hemoglobin levels at approximately 7.0 g/dL. Physical signs showed anemia countenance, no lymphadenopathy or splenomegaly, swollen left elbow and right wrist joints, spinal bending deformation and limited activity, the patient was positive for sacroiliac joint tenderness, pillow wall test, and the bilateral 4 word test. Laboratory examinations showed a leukocyte count of 4190/μL with an absolute neutrophil count of 2520/μL, hemoglobin level of 7.5 g/dl (after ten units of red blood cell transfusions), erythrocyte mean cell volume of 91.6 fl (82--100), mean cell hemoglobin of 29.2 pg (27--34), mean cell hemoglobin concentration of 318 g/L (316--354), and platelet level of 240,000/μL. The reticulocyte percentage and count were 0.39% (0.67--1.9%) and 9000/μl (30,400--93,500/μL), respectively. Bone marrow morphology showed hypoplasia, absence of erythroid precursor and mature red blood cells were variant in size (Fig. [1](#F1){ref-type="fig"}C). The marrow biopsy also showed the absence of immature erythrocytes. Serum ferritin level was 1650 μg/L (22--322 μg/L). Serum erythropoietin (EPO) level was 750 IU/L (5.4--31.0 IU/L). The hemolytic tests including direct and indirect Coombs were negative. Chest CT scan showed no signs of thymoma.

![(A) In 2003, spine X-ray photograph showing a square cone and bamboo-like coalition spine. (B) In September 2017, articulationes sacroiliaca X-ray of the patient showing bilateral articulationes sacroiliaca bone fusion. (C) In September 2017, 400×, Hematoxylin-eosin stain of bone marrow showing hypoplasia, erythroid precursor absence and mature red blood cells were variant in size.](medi-98-e16160-g001){#F1}

To clarify the patient\'s AS diagnosis and activity, he completed the relevant tests as follows: positive human leucocyte antigen-B27 (HLA-B27), C-reactive protein (CRP) 131.07 mg/L (0--5 mg/L), erythrocyte sedimentation rate (ESR) 76 mm/1 hour (0--15 mm/1 hour). Articulationes sacroiliaca X-ray showed bilateral articulationes sacroiliaca bone fusion, a reduced joint space and lumbar interspinous ligament ossification (Fig. [1](#F1){ref-type="fig"}B). Ultrasound examination of the left elbow joint showed left elbow joint synovitis and left ulnar olecranon bone erosion. Neither chest CT nor tuberculosis T-spot showed any active tuberculosis. Liver and kidney function tests were all within the normal range. The T-lymphocyte subpopulation showed the ratio of CD4/CD8 was 0.43 (0.64--2.92).

The diagnoses of acquired PRCA and active stage of AS (the degree of arthritis was grade IV) were established. After consultation with a rheumatologist, we began treatment of PRCA with cyclosporine 200 mg/d and prednisone 30 mg/d (0.5 mg/kg/d).^\[[@R1]\]^ Then, the cyclosporine dose was adjusted according to the serum concentration level, which reached a reasonable level after 1 week. Ten days later, the patient improved significantly with regard to his arthritis syndrome, and he could walk independently, but he was still dependent on transfusions with an increasing serum ferritin level of 2701.8 μg/L, which indicated iron overload. The patient received deferasirox to remove iron, but the treatment was halted 3 months later because of increasing ferritin levels and intolerable diarrhea. Due to untreatable anemia and a successful effect in PRCA associated with systemic lupus erythematosus (SLE),^\[[@R4]\]^ we added danazol 200 mg twice per day and then rHuEPO (40,000 IU/w) via subcutaneous injection. Two months later, the patient\'s reticulocyte percentage was 1.48% and the absolute reticulocyte count 33,300/μL. Consequently, the patient was transfusion-independent and his hemoglobin increased gradually. When his hemoglobin was 9.3 g/dL, rHuEPO dose decreased to 10,000 IU once a week. When his hemoglobin level was 14.0 g/dL, he stopped rHuEPO injections. During the treatment, the patient gained weight and exhibited a mildly elevated creatinine level, but experienced significant reduction in pain and could walk independently. After 18 months, the patient\'s hemoglobin and reticulocyte levels remained normal, so the response evaluation was complete remission.^\[[@R2]\]^ We gradually reduced the dose of prednisone to 7.5 mg/d as a maintenance measure, while adjusting the dose of cyclosporine to maintain the serum level above 100 ng/ml (Fig. [2](#F2){ref-type="fig"}). Meanwhile, the T lymphocyte subpopulation showed a better ratio of CD4/CD8 (0.52) with 3.31% (3.91--9.73%) Treg cells. The cytokine level of IL-10 was 9.02 pg/ml (0--5 pg/ml) while TNF-α and IL-4 levels were normal.

![Timeline of treatment and changes of hemoglobin. The black, yellow and blue arrows indicated the continued taking of cyclosporine, prednisone and danazol respectively. The red line indicated the treatment duration of rHuEPO.](medi-98-e16160-g002){#F2}

3. Discussion
=============

In this case, there was no evidence of other causes of PRCA such as thymoma, lymphoproliferative diseases, hemolysis, infection, or serious malnutrition. Acquired PRCA can be immunological, although not always antibody-mediated. Since other autoimmune/collagen vascular disorders can result in PRCA, we postulated that AS itself or the related drugs can also cause PRCA. A review of literature revealed 6 cases of drugs induced pure red cell aplasia or aplastic anemia (including sulfasalazine, tripterygium wilfordii, and leflunomide).^\[[@R5]--[@R8]\]^ The clinical data of these cases were summarized in Table [1](#T1){ref-type="table"}. According to the literature, among the drugs used by this patient, sulfasalazine could induce acquired PRCA,^\[[@R1],[@R5],[@R6],[@R9]\]^ while tripterygium wilfordii and leflunomide could induce aplastic anemia (AA), which was associated with a drug-induced hematotoxic effect or T-cell-independent mechanism.^\[[@R7],[@R8],[@R10]\]^ This patient had taken sulfasalazine (dosage unknown), tripterygium wilfordii tablets (48 μg/day) for 7 years. During that period his hemoglobin was nearly normal. Meanwhile, according to the data these drugs resulted in an acute reversible AA with an average of 30 days.^\[[@R8],[@R10]\]^ Therefore, we concluded that his PRCA was not related to sulfasalazine or tripterygium wilfordii tablets. During the 1-year treatment with traditional Chinese medicine that contained leflunomide (20 mg/day), the patient gradually showed moderate to severe anemia. Long-term application of leflunomide can cause AA, but not PRCA, with a dose of more than 20 mg/day and is usually reversible after stopping the drug.^\[[@R7]\]^ However, 5 months after cessation of these 3 drugs, there was no sign of auto-recovery of hemoglobin or reticulocytes. In this case, the possibility of drug-induced acquired PRCA was small.

###### 

Characteristics of patients with drug-induced pure red cell aplasia or aplastic anemia in the literature.

![](medi-98-e16160-g003)

Studies have shown that Th1 (IFN-γ, TNF-α) is significantly increased with Th2 (IL-4, IL-10) and that Treg cells decrease in an active AS group compared with a normal control group, but this can be reversed after treatment.^\[[@R11],[@R12]\]^ Since cytokines of IFN-γ and TNF-α are hematopoietic negative regulators they can inhibit bone marrow hematopoiesis, which may lead to PRCA. We regret that we did not measure the cytokine level at initial diagnosis, but with the recovery of PRCA and control of AS, the cytokine results showed that the IL-10 level was higher, while TNF-α and IL-4 levels were normal, which indicated a correction with Th1/Th2 cells. We also cannot exclude that there was an antibody-mediated mechanism in this case since we did not detect EPO autoantibodies.

Above all, active AS itself can induce PRCA, and abnormal T-cell immunity is the main pathogenesis of PRCA. After immunosuppressive treatment with cyclosporine and steroid, and hematopoietic stimulation therapy with danazol and rHuEPO, the patient had better control over his AS pain and PRCA. The use of rHuEPO in PRCA is still inconclusive, but De Marchi PN et al^\[[@R3]\]^ believe that rHuEPO can be administered in cases where the immunosuppressants do not provide the desired effect. The literature reports that although the serum EPO level of patients with chronic disease anemia increases with the severity of anemia, it is still relatively insufficient.^\[[@R13]\]^ The patient had a history of AS for many years and had been suffering from anemia since 2016. We could not exclude the existence of chronic anemia caused by autoimmune diseases, so we administered rHuEPO to this patient after 118 days of immunosuppressive treatment. In the end, it was an effective treatment and the patient recovered from his PRCA. Since we postulated that it was active AS-induced PRCA, we suggested that the patient participate in clinical trials with inhibitors of tumor necrosis factors (TNFi) or other target therapies to treat his AS; however, it was reported that cyclosporine was consistently effective in controlling the peripheral arthritis associated with ankylosing spondylitis just alike this patient.^\[[@R14]\]^

In summary,

1.  acquired PRCA can be secondary to AS,

2.  cyclosporine is effective in controlling AS arthritis syndrome and

3.  in addition to immunosuppressants, promotion of erythroid hematopoiesis is equally important.

However, the mechanism by which AS resulted in PRCA is unclear and may be related to AS activity and the induced T-cell immune dysfunction.
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